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T ' precipitation strengthened platinum group element-added Ni-based superalloy 
designing support program and 7 1 precipitation strengthened platinum group 
element-added Ni-based superalloy designing support apparatus 

Technical Field 

The present invention relates to a 7 1 precipitation strengthened platinum group 
element-added Ni-based superalloy designing support program and a 7 1 precipitation 
strengthened platinum group element-added Ni-based superalloy designing support 
apparatus. More particularly, the present invention relates to a novel design support 
program of a 7 1 precipitation strengthened platinum group element-added Ni-based 
superalloy and its design support apparatus which are useful for alloy characteristic 
analysis and alloy composition search of a 7 1 precipitation strengthened Ni-based 
superalloy with a platinum group element added. 

Background Art 

Heretofore, the 7 1 precipitation strengthened Ni-based superalloy has been 
widely used as a heat resistance alloy having excellent high temperature strength in a high 
temperature member of a heat engine such as a jet engine and a power generation gas 
turbine. In particular, the 7 * precipitation strengthened Ni-based superalloy is essential 
to turbine blades which are used at high temperature and high pressure, and high 
temperate characteristics of this alloy have significant effect on the power output and 
thermal efficiency of the heat engine. Further, nowadays, from the viewpoint of global 
warming prevention and C0 2 saving, ultra-high efficiency is demanded in the power 
generation gas turbine system and it is hoped that the higher performance alloy will be 
developed. 

The 7 1 precipitation strengthened Ni-based superalloy is composed of more 
than ten elements such as Ni, Al, Co, Cr, Mo, W, Ti, Ta, Hf, and Re. In the 
fourth-generation alloy having excellent creep strength at higher temperature and long 
time life due to the latest advancement in microstructural stability, platinum group 
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elements are added such as ruthenium (Ru) and iridium (Ir). In order to develop a new 
alloy having excellent performance, it is necessary to design and manufacture alloys of 
different composition combining these constituent elements and verify their performance, 
consuming a tremendous labor and cost. It is hence desired to optimize the ratio and 
composition of alloy composition phase at working temperature and stress easily and 
efficiently, but at the present, the technology applicable to development of 7 1 
precipitation strengthened Ni-based superalloy is limited only to PHACOMP (non-patent 
reference 1), DV-Xa cluster method (non-patent reference 2), and 7 * precipitation 
strengthened Ni-based superalloy designing support apparatus (patent reference 1). 

However, PHACOMP is a technology which judges harmful phase on the basis of 
quantum theory of electrons and is not intended to develop a new alloy. 

DV-Xa cluster method is a method of finding composition of a new alloy by using 
energy level and covalent bond degree of alloy elements as parameters, but it makes no 
consideration about structural factors directly relating to the alloy performance such as 
lattice constant misfit of composition phase and is not applicable to platinum group 
elements. 

The 7 1 precipitation strengthened Ni-based superalloy designing support 
apparatus is an excellent alloy design support apparatus wherein the alloy composition is 
inputted, and the convergent calculation of composition and partitioning ratio of 7 ' 
phase which is the constituent phase and the convergent calculation of volume fraction of 
7 ' phase are coupled with each other, and structural factors which are composition of 7 
phase and 7 1 phase, volume fraction of 7 1 phase, and lattice misfit are calculated, and 
then the mechanical performance is calculated from the structural factors and alloy 
composition. However, the apparatus requires the structural factor calculation to be 
fixed at 900°C and is not applicable to platinum group elements. 

Non-patent reference 1: Chester T. Sims et al., " Super alloys 11," John Wiley & 
Sons, Inc., 1987, pp. 230 - 233. 
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Non-patent reference 2: Yoshiyuki Kowada, tf DV-Xa home page," [online], 
updated October 10, 2002, DV-Xa Study Society, [searched October 28, 2002], Internet 
<URL: http://www.sci.hyogo-u.ac.jp/ykowada/> 

Patent reference 1: Japanese Patent Application Laid-Open No. 3-191032 

In the light of the above background, hence, it is an object of the present 
invention to present a novel y 1 precipitation strengthened platinum group element-added 
Ni-based superalloy designing support program and y ' precipitation strengthened 
platinum group element-added Ni-based superalloy designing support apparatus capable 
of easily and efficiently performing the structural factor calculation at working 
temperature of y 1 precipitation strengthened Ni-based superalloy with a platinum group 
element added, the analysis of alloy characteristics such as creep resistant characteristics 
at working stress and further the search for a new y ' precipitation strengthened platinum 
group element added Ni-based superalloy satisfying the required performance, all of 
which could not be realized by the above prior arts. 
Disclosure of Invention 

To solve the above problems, it is a first aspect of the present invention to provide 
a r 1 precipitation strengthened platinum group element-added Ni-based superalloy 
designing support program which, in order to support designing of y 1 precipitation 
strengthened platinum group element-added Ni-based superalloy, makes the computer to 
function as input means for inputting alloy composition, working temperature and 
working stress of Ni-based superalloy, storage means for preliminarily storing Ni-based 
superalloy constituent elements, structural factor formula, and alloy characteristics 
formula, structural factor calculating means for calculating the structural factors from the 
alloy composition by using the structural factor formula being read out from the storage 
means, alloy characteristics calculating means for calculating the alloy characteristics 
from the alloy composition, structural factor, working temperature, and working stress by 
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using the alloy characteristics formula being read out from the storage means, and output 
means for outputting the structural factor and alloy characteristics together with the alloy 
composition. And, it is a second aspect to provide a 7 1 precipitation strengthened 
platinum group element-added Ni-based superalloy designing support apparatus, being an 
apparatus for supporting design of 7 1 precipitation strengthened platinum group 
element-added Ni-based superalloy, comprising input means for inputting alloy 
composition, working temperature and working stress of Ni-based superalloy, storage 
means for preliminarily storing Ni-based superalloy constituent elements, structural factor 
formula, and alloy characteristics formula, structural factor calculating means for 
calculating the structural factors from the alloy composition by using the structural factor 
formula being read out from the storage means, alloy characteristics calculating means for 
calculating the alloy characteristics from the alloy composition, structural factor, working 
temperature, and working stress by using the alloy characteristics formula being read out 
from the storage means, and output means for outputting the structural factor and alloy 
characteristics together with the alloy composition. 

It is a third aspect to provide the 7 1 precipitation strengthened platinum group 
element-added Ni-based superalloy designing support program or its designing support 
apparatus, in which constituent elements stored in the storage means are Ni, Co, Cr, Mo, 
W, Al, Ti, Nb, Ta, Hf, Re, Ir, Ru, Rh, Pd, and Pt, it is a fourth aspect to provide the 7 1 
precipitation strengthened platinum group element-added Ni-based superalloy designing 
support program or its designing support apparatus, in which the structural factor 
formula stored in the storage means includes at least the equilibrium formula of 7 phase 
and 7 * phase at working temperature, it is a fifth aspect to provide the 7 1 precipitation 
strengthened platinum group element-added Ni-based superalloy designing support 
program or its designing support apparatus, in which the equilibrium formula of 7 
phase and 7 1 phase is composed of a formula of 7 1 surface at working temperature and 
a formula of partitioning ratio, it is a sixth aspect to provide a 7 1 precipitation 
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strengthened platinum group element-added Ni-based superalloy designing support 
program or its designing support apparatus, in which the alloy characteristics formula 
stored in the storage means is expressed as function of alloy composition, structural factor, 
working temperature and working stress, it is a seventh aspect to provide the 7 1 
precipitation strengthened platinum group element-added Ni-based superalloy designing 
support program, in which the computer is further functioned as 7 1 phase calculating 
means for calculating the composition of 7 phase and 7 1 phase at working temperature, 
and the ratio of 7 1 phase, by simultaneously operating iterative convergent calculation of 
7 * phase composition and distribution ratio about constituent elements, and iterative 
calculation of 7 1 phase quantity, and it is an eighth aspect to provide the 7 1 
precipitation strengthened platinum group element-added Ni-based superalloy designing 
support apparatus, further comprising 7 1 phase calculating means for calculating the 
composition of 7 phase and 7 1 phase at working temperature, and the ratio of 7 1 
phase, by simultaneously operating iterative convergent calculation of 7 1 phase 
composition and partitioning ratio about constituent elements, and iterative calculation of 
7 1 phase quantity. 

Further, it is a ninth aspect of the present invention to provide a 7 1 precipitation 
strengthened platinum group element-added Ni-based superalloy designing support 
program which, in order to support designing of 7 1 precipitation strengthened platinum 
group element-added Ni-based superalloy, makes the computer to function as input means 
for inputting one or more required performances, working temperature and working 
stress of Ni-based superalloy, storage means for preliminarily storing Ni-based superalloy 
constituent elements, structural factor formula, and alloy characteristics formula, alloy 
composition calculating means for calculating the alloy composition for satisfying the 
required performance, structural factor calculating means for calculating the structural 
factors from the alloy composition by using the structural factor formula being read out 
from the storage means, alloy characteristics calculating means for calculating the alloy 
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characteristics from the alloy composition, structural factor, working temperature, and 
working stress by using the alloy characteristics formula being read out from the storage 
means, and output means for outputting the structural factor and alloy characteristics 
together with the alloy composition. And, it is a tenth aspect to provide a 7 ' precipitation 
strengthened platinum group element-added Ni-based superalloy designing support 
apparatus, being an apparatus for supporting design of 7 1 precipitation strengthened 
platinum group element-added Ni-based superalloy, comprising input means for inputting 
one or more required performances, working temperature and working stress of Ni-based 
superalloy, storage means for preliminarily storing Ni-based superalloy constituent 
elements, structural factor formula, and alloy characteristics formula, alloy composition 
calculating means for calculating the alloy composition for satisfying the required 
performance, structural factor calculating means for calculating the structural factors 
from the alloy composition by using the structural factor formula being read out from the 
storage means, alloy characteristics calculating means for calculating the alloy 
characteristics from the alloy composition, structural factor, working temperature, and 
working stress by using the alloy characteristics formula being read out from the storage 
means, and output means for outputting the structural factor and alloy characteristics 
together with the alloy composition. 

It is an eleventh aspect to provide the 7 1 precipitation strengthened platinum 
group element-added Ni-based superalloy designing support program or its designing 
support apparatus, in which constituent elements stored in the storage means are Ni, Co, 
Cr, Mo, W, Al, Ti, Nb, Ta, Hf, Re, Ir, Ru, Rh, Pd, and Pt, it is a twelfth aspect to provide 
the 7 * precipitation strengthened platinum group element-added Ni-based superalloy 
designing support program or its designing support apparatus, in which the structural 
factor formula stored in the storage means includes at least the equilibrium formula of 7 
phase and 7 1 phase at working temperature, it is a thirteenth aspect to provide the 7 ' 
precipitation strengthened platinum group element-added Ni-based superalloy designing 
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support program or its designing support apparatus, in which the equilibrium formula of 
7 phase and 7 ' phase is composed of a formula of 7 1 surface at working temperature 
and a formula of distribution ratio, it is a fourteenth aspect to provide the 7 ' 
precipitation strengthened platinum group element-added Ni-based superalloy designing 
support program or its designing support apparatus, in which the required performance is 
one or more selected from one or both of the alloy characteristics and structural factor. 

According to the present invention of the above features, with the use of the 
computer, structural factors such as lattice constant, lattice misfit and solid solution index 
of alloy elements can be calculated automatically by the preliminarily stored structural 
factor formula, upon inputting of alloy composition, working temperature and working 
stress. This structural factor formula may include, for example, an equilibrium formula 
of 7 phase and 7 1 phase at working temperature in convergent calculation, more 
specifically, an equilibrium formula of 7 phase and 7 1 phase composed of a formula of 
7 1 surface at working temperature and formula of distribution ratio. 

Further, from the inputted alloy composition, working temperature, working 
stress and calculated structural factor, using the alloy characteristics formula, alloy 
characteristics such as creep rupture life can be also calculated automatically. This alloy 
characteristics formula may be expressed as a function of alloy composition, structural 
factor, working temperature and working stress. 

Furthermore, the calculated structural factor and alloy characteristics are 
displayed on screen together with the inputted alloy composition, and can be referred 
upon designing the alloy. 

In addition, regarding the preliminarily stored constituent elements of Ni-based 
superalloy such as Ni, Co, Cr, Mo, W, Al, Ti, Nb, Ta, Hf, Re, Ir, Ru, Rh, Pd, and Pt, by 
coupling the iterative convergent calculation of the 7 1 phase composition and 
partitioning ratio and the iterative calculation of the volume fraction of 7 * phase with each 
other, it is also possible to automatically calculate and display the composition and amount 
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ratio of each of the 7 phase and 7 1 phase at the inputted working temperature. 

On the other hand, upon inputting one or more required performances, more 
specifically, one or more required performances selected from one or both of the alloy 
characteristics and structural factors, the alloy composition satisfying the required 
performance can be calculated automatically. More specifically, while automatically 
changing the composition and phase amount of the 7 1 phase, the composition of each 7 
phase is calculated sequentially and the alloy composition is calculated automatically by 
combining these compositions,. 

Then, the structural factor can be calculated automatically based on the 
calculated alloy composition by the structural factor formula, and the alloy composition 
can be calculated automatically based on the calculated alloy composition and structural 
factor and the inputted working temperature and working stress by the alloy 
characteristics formula, and a list of structural factor, alloy characteristics and alloy 
composition can be outputted by screen display and such. 

As a result, it is capable of easily and efficiently performing the structural factor 
calculation at working temperature of 7 ' precipitation strengthened platinum group 
element-added Ni-based super alloy and analysis of alloy characteristics such as creep 
resistant characteristics at working stress, and further the search for a new 7 1 
precipitation strengthened platinum group element-added Ni-based superalloy which 
satisfies the required performance. 

Brief Description of Drawings 

Fig. 1 is a function block diagram of an embodiment of the present invention. 

Fig. 2 is a flowchart of an embodiment of the present invention. 

Fig. 3 is a specific calculation flowchart of composition, volume fraction, 
structural factor, and alloy characteristics of 7 phase and 7 1 phase. 

Fig. 4 is a calculation flowchart successive to Fig. 3. 
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Fig. 5 shows results of analysis example of an embodiment of the present 
invention. 

Fig. 6 shows results of search example of other embodiment of the present 
invention. 

In the drawings, the following reference numerals are used. 

1 Analysis system 

11 Input means 

12 Storage means 

13 Composition factor calculating means 

14 Alloy characteristics calculating means 

15 r 1 phase calculating means 

16 Output means 

2 Search system 

21 Input means 

22 Storage means 

23 Alloy composition calculating means 

24 Composition factor calculating means 

25 Alloy characteristics calculating means 

26 Output means 

Best Mode for Carrying Out the Invention 

Fig. 1 to Fig. 4 are function block diagrams and flowcharts explaining an 
embodiment of the present invention having such features as mentioned above. The alloy 
characteristics analysis and alloy composition search in the embodiment are explained 
below. 

Fig. 1 and Fig. 2 show an embodiment consisting of two systems, that is, analysis 
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system (1) for calculating and outputting alloy structural factor and alloy characteristics 
from the entered alloy composition, working temperature and working stress, and search 
system (2) for searching and outputting the alloy composition satisfying the entered 
required performance. In this embodiment, either the analysis system (1) or search 
system (2) is selected according to the purpose of use (step SI), and a desired calculation 
result can be obtained. In the two-system configuration, it is not required to install two 
units each, such as input means (11), (21), storage means (21), (22), or output means (16), 
(26). 

< Analysis of alloy characteristic 

In the embodiment, by the input of alloy composition, working temperature and 
working stress of Ni-based superalloy of which constituent elements are Ni, Co, Cr, Mo, W, 
Al, Ti, Nb, Ta, Hf, Re, Ir, Ru, Rh, Pd, and Pt (Fig. 1 - input means (11), Fig. 2, Fig. 3 - step 
S2), the composition and volume fractions of r phase and r 1 phase at the entered 
working temperature are calculated according to the equilibrium formula (Fig. 1 - 
composition factor calculating means (13), r 1 phase calculating means (15), Fig. 2 - step 
S3, Fig. 3, Fig. 4 - steps S3a to S3p). This equilibrium formula is a calculation formula of 
phase composition in which r phase and r ' phase are present in equilibrium, that is, 
formula of 7 1 surface and formula of partitioning ratio of alloy elements (expressed by 
ratio of concentration of constituent elements Co, Cr, Mo, W, Al, Ti, Nb, Ta, Hf, Re, Ir, Ru, 
Rh, Pd, and Pt in r phase and concentration thereof in r ! phase). The formula of r* 
surface and formula of partitioning ratio are compiled on the basis of the analytical data 
of multiple regression analysis of existing Ni-based superalloy. 

The formula of r 1 surface is expressed as function of constituent element 
concentration in r 1 phase and temperature as indicated in formula (1). 

Al concentration in r phase 

= f {concentration of Co, Cr, Mo, W, Al, Ti, Nb, Ta, Hf, Re, Ir, Ru, Rh, Pd, and Pt 
in r 1 phase (at%), temperature }...(!) 
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The formula of partitioning ratio is also expressed as function of constituent 
element concentration in 7 ' phase and temperature as indicated in formula (2). 
Partitioning ratio of element i 

= g {concentration of Co, Cr, Mo, W, Al, Ti, Nb, Ta, Hf , Re, Ir, Ru, Rh, Pd, and Pt 
in 7 1 phase (at%), temperature}. ..(2) 

Herein, i is any one of Co, Cr, Mo, W, Al, Ti, Nb, Ta, Hf, Re, Ir, Ru, Rh, Pd, and 

Pt. 

Using the formula of 7 1 surface and formula of partitioning ratio represented 
by formulas (1) and (2), the iterative convergence is calculated according to the calculation 
flow shown in Fig. 3 and Fig. 4. In this embodiment, in order to assure stability of 
iterative convergent calculation and because the analytical data is abundant, first, the 
composition and volume fraction of 7 phase and 7 1 phase are calculated, in principle, 
at 900°C (this temperature is only an example) (steps S3a to S3h). More specifically, in 
this calculation, by using the input values of alloy composition, working temperature, and 
working stress (step S2), the initial value of structural factor calculation such as 
partitioning ratio of alloying elements (step S3 a), and initial value of fraction of 7 1 phase 
(step S3b), calculation of 7 1 phase composition and volume fraction (step S3c) and 
partitioning ratio (step S3d) is repeated (first iterative convergent calculation) until the 
input alloy composition and calculated alloy composition are matched (step S3e), while 
slightly changing the volume fraction of 7 1 and partitioning ratio (step S3f), and after 
reaching coincidence, the equation of 7 1 surface is calculated at reference temperature 
900 degrees (step S3g), and the process (steps S3c to S3g) is repeated until the calculation 
result is put on the 7 1 surface (step S3h). 

Next, calculating the differential portion of the 7 1 surface and partitioning ratio 
due to difference between the entered working temperature and the reference temperature 
900°C (step S3i), the composition and volume fraction of 7 phase and 7 ' phase at the 
entered working temperature are calculated (steps S3j to S3o). More specifically, in this 
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calculation, second iterative convergent calculation similar to the first iterative convergent 
calculation is operated at the working temperature. 

If the result of r 1 surface equation calculation (step S3n) is on the r 1 surface 
(step S3o), it means that the composition and volume fraction of 7 phase and 7 1 phase 
at working temperature are calculated (step S3p). 

As shown in Fig. 3 and Fig. 4, by providing two different loops for calculation, 
that is, first iterative convergent calculation (steps S3c to S3h) as a loop for calculating the 
volume fraction of 7 ' phase and partitioning ratio at reference temperature 900°C, and 
second iterative convergent calculation (steps S3j to S3o) as another loop for calculating 
the volume fraction of 7 1 phase and partitioning at working temperature, divergence of 
convergent calculation answers can be suppressed, and stable analysis results of high 
precision will be obtained. 

If harmful phase is produced from the entered alloy composition or 7 1 phase 
deposits, it is so indicated. In this case, by re-inputting of alloy composition, working 
temperature and working stress, the composition and volume fraction of 7 phase and 7 
1 phase can be calculated again. 

After calculating the composition and volume fraction of 7 phase and 7' 
phase, other structural factors and alloy characteristics shown in Table 1 below are 
predicted and calculated (Fig. 1 - composition factor calculating means (13), alloy 
characteristics calculating means (14), 7 1 phase calculating means (15), Fig. 2, Fig. 4- step 
S4). The calculation formula of structural factor and alloy characteristics formula of 
alloy are calculated preliminarily (Fig. 1 - storage means (12)). 
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Table 1 
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In the present invention, by multiple regression analysis of existing data of 
Ni-based superalloy, it is one of the features that the alloy characteristics formula is used 
as function of alloy composition and structural factor, alloy composition and working 
temperature, alloy composition and working stress, alloy composition, structural factor 
and working temperature, alloy composition, structural factor and working stress, alloy 
composition, working temperature and working stress, alloy composition, structural factor, 
working temperature and working stress. Accordingly, by calculating various alloy 
characteristics shown in Table 1, they can be displayed together with the entered alloy 
composition and calculated structural factor. 
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<Search for alloy composition> 

When searching for composition of a new alloy having desired characteristic, first, 
the search system is selected (Fig. 1 - search system (2), Fig. 2 - step SI), and the working 
temperature, working stress, and required performance are entered (Fig. 1 - input means 
(21), Fig. 2 - step S7). As the required performance, any desired one or more can be 
selected from the alloy characteristics listed in Table 1. As required, one or more 
structural factors may be selected, and added as required performance. 

By input of required performance, the alloy composition slightly changes 
automatically, and same as in the analysis system (1) mentioned above, the composition of 
the r phase balanced with the r 1 phase equivalent to the composition is calculated (Fig. 
1- alloy composition calculating means (23), Fig. 2 - steps S8, S9), and the structural factor 
and alloy characteristics at working temperature and working stress are calculated (Fig. 
1 - structural factor calculating means (24), alloy characteristics calculating means (25), 
Fig. 2 - step 10). Comparing these values with the entered required performance, when 
the required performance is satisfied, by ranking as required (level ranking means, not 
shown), the calculated alloy composition, structural factor, and alloy characteristics are 
stored (calculating result storage means, not shown), and a list thereof is issued (Fig. 1 - 
output means (26), Fig. 2 - step S12). 

If the required performance is not satisfied, on the other hand, the alloy 
composition is changed again (Fig. 1 - alloy composition calculating means (23), Fig. 2 - 
step Sll), calculation of composition and volume fraction of r 1 phase is repeated (Fig. 1 - 
alloy composition calculating means (23), structural factor calculating means (24), alloy 
characteristics calculating means (25), Fig. 2 - steps S8 to S10). If there is no alloy 
satisfying the required performance, it is so indicated (Fig. 1 - output means (26)). This 
process is also done automatically throughout. 
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Embodiments 

<Analysis embodiment 

Inputting the composition of TMS-138 alloy, the equilibrium state and alloy 
characteristics in 900°C - 392 MPa and 1100°C - 137 MPa were calculated. Fig. 5 is an 
example of printed output of the results. Symbols in the diagram are defined as shown in 
Table 2. 
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Table 2 
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Predicted values of structural factor and alloy characteristics of composition of 7 
phase and 7 1 phase shown in the printed output in Fig. 5 coincided sufficient with the 
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measure values of TMS-138 alloy. The calculation time was about 1 second, and it has 
been confirmed that the alloy characteristics can be analyzed at high speed and at high 
precision. 

<Search embodiment 

The required characteristics were creep rupture life (test condition 1100°C, 137 
MPa) of 500 hours or more, and the y ' phase solid solution temperature width of 40°C or 
more, and also the lattice misfit and solubility index were limited by certain conditions, 
and the vicinity of composition range of TMS-138 alloy was searched. As a result, when 
Ru was increased from 2.0 wt% to 2.5 wt%, it has been found that TMS-157 alloy having 
alloy characteristics equivalent to that of TMS-138 alloy can be obtained if other alloying 
elements are decreased by the increment portion of Ru. 

Actually, the alloy characteristics of the single crystal test piece manufactured by 
casting this alloy was measured, and compared with the design values. Fig. 6 shows the 
results. As clear from Fig. 6, design values (= calculated values) of TMS-138 and 
TMS-157 alloys are found to coincide sufficiently with the measured values at both high 
temperature and low stress side, and medium and low temperature and high stress side. 

The present invention is not limited to the embodiment and example, but may be 
changed or modified in details. 

Industrial Applicability 

As described specifically herein, the present invention can predict the 
characteristics about arbitrary alloy composition, temperature and stress of a y 1 
precipitation strengthened Ni-based superalloy including a platinum group element-added 
superalloy. It is also possible to search efficiently a new y 1 precipitation strengthened 
Ni-based superalloy including a new platinum group element-added superalloy satisfying 
the required characteristics. Hence, it is easy to analyze and search a Ni-based 
superalloy including a platinum group element-added superalloy, thereby significantly 
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enhancing the efficiency of alloy developments. 



